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(54) Semiconductor memory device and method for manufacturing semiconductor device 



(57) After a lower silicon oxide film is formed on a 
silicon region, a silicon film is formed on the lowersilicon 
oxide film by, for example, a thermal CVD method. Sub- 
sequently, the silicon film is completely nitrided by a 
plasma nitriding method to be replaced by a silicon ni- 



tride film. Subsequently, a surface layer of the silicon 
nitride film is oxidized by a plasma oxidizing method to 
be replaced by an upper silicon oxide film. An ONO film 
as a multilayered insulating film composed of the lower 
silicon oxide film, the silicon nitride film : and the upper 
silicon oxide film is formed. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Appli- 
cation No. 2002-256195, filed on August 30, 2002, the 
entire contents of which are incorporated herein by ref- 
erence. 

BACKGROUND OF THE INVENTION 
[Field of the Invention] 

[0002] The present invention relates to a method for 
manufacturing a semiconductor device having a gate in- 
sulation film or a dielectric film including a nitrided film, 
and a semiconductor memory device capable of holding 
information by storing electric charges in the nitrided 
film. 

[Description of the Related Art] 

[0003] Recently, an ON film composed of a silicon ni- 
tride film formed on a silicon oxide film, and an ONO film 
composed of a silicon oxide film, a silicon nitride film, 
and a silicon oxide film formed in this order are used for 
a memory cell of a semiconductor memory device. 
[0004] A multilayered insulating film such as the ON 
filrrv the ONO film, or the like (hereinafter often referred 
to as simply a multilayered insulating film) is used as a 
capacity insulation film with high permittivity and low 
leakage current in a floating gate type nonvolatile sem- 
iconductor memory (hereinafter simply referred to as a 
floating gate type memory) having an island-shaped 
floating gate, that is a charge-storage portion, with re- 
spect to each memory cell. The multilayered insulating 
film is used as a gate insulation film of the charge-stor- 
age portion in a SONOS type or an MNOS type nonvol- 
atile semiconductor memory (hereinafter simply re- 
ferred to as a SONOS type (an MNOS type) memory) 
having the silicon nitride film as the charge-storage por- 
tion thereof. 

[0005] Recently, a tendency toward a demand for 
miniaturization and high performance of a semiconduc- 
tor memory has been further increasing, and according- 
ly, the following serious problems regarding formation 
of the multilayered insulating film have been raised. 

-Influence of Generation of Hydrogen- 

[0006] A lower silicon oxide film which is on a bottom 
layer of the ONO film and the ON film in the SONOS 
type memory, the MNOS type memory, or the like func- 
tions as a tunnel oxide film, and extremely high reliability 
is required. Therefore, generally, it is formed by thermal 
oxidation of a silicon surface under a temperature con- 
dition of 1000°C or above in dry oxidation, and under a 



temperature condition of 800°C or above in wet oxida- 
tion. 

[0007] Subsequently, the silicon nitride film to be the 
charge-storage portion is formed on the lower silicon ox- 

5 Ide film. It is deposited by a thermal CVD method using 
ammonia and silane as raw material gases. In addition 
to that high uniformity is required, a temperature condi- 
tion is set as high as from 700°C to 900°C based on the 
following reasons. 

10 [0008] Here, concerning the SONOS type memory, 
Fig. 36 shows a result of a study in a relationship be- 
tween a deposition temperature of the silicon nitride film 
and a threshold value (Vt) shift caused by leaving the 
silicon nitride film under a high temperature condition. 

15 This characteristic chart tells that the higher the depo- 
sition temperature of the silicon nitride film is, the lower 
the amount of Vt shift is, so as to generate a better result. 
It is inferred that this may be caused by the following 
reasons. 

20 [0009] When the silicon nitride film is formed, a large 
amount of hydrogen is generated from a raw material 
gas, and passes into the lower silicon oxide film at the 
same time with deposition of the silicon nitride film. Si- 
multaneously, the large amount of hydrogen is en- 

25 trapped also in the silicon nitride film. Here, when the 
ONO film is formed as the multilayered insulating film, 
an upper silicon oxide film is formed by further thermal 
oxidation of a surface of the silicon nitride film. However, 
since heat treatment with a high temperature and long 

30 hours is required, the hydrogen entrapped in the silicon 
nitride film is diffused and passes into the lower silicon 
oxide film. It is clear that the passing of the hydrogen 
into the lower silicon oxide film causes deterioration of 
a film quality of the lower silicon oxide film. 

35 [001 0] When the deposition temperature of the silicon 
nitride film is high, the amount of the hydrogen en- 
trapped in the silicon nitride film decreases. Further- 
more, the amount of passing of the hydrogen into the 
lower silicon oxide film by diffusion is lowered in a later 

40 process, which is thought to lower the amount of the Vt 
shift. Accordingly, the silicon nitride film is required to be 
formed as high temperature as possible in order to im- 
prove the film quality of the lower silicon oxide film by 
controlling generation of the hydrogen and to obtain the 

45 good Vt shift. 

[001 1 ] The same thing can be said to the floating gate 
type memory. Since high temperature is required for 
forming the multilayered insulating film, the hydrogen 
reaches the lower silicon oxide film through the floating 

50 gate, resulting in deterioration of quality of the lower sib 
icon oxide film as the tunnel oxide film. 

-Influence of processing at high temperature- 

55 [0012] As described above, a temperature condition 
at a high temperature is required when the multilayered 
insulating film which includes the silicon nitride film func- 
tioning as a charge-storage film or a dielectric film is 
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formed, which prevents miniaturization of an element as 
described below. 

[0013] In the memory having the multilayered insulat- 
ing film, when an element isolation structure is formed 
by, for example, a LOCOS method or an STI (Shallow 
Trench Isolation) method, the multilayered insulating 
film is formed after a well is formed by introducing im- 
purities on a substrate. However, the impurities of the 
well are thermally diffused by the aforementioned 
processing at high temperature, resulting in difficulty in 
miniaturization of the element. 

[0014] Especially, in a memory having sources/drains 
also serving as embedded bit lines, when the sources/ 
drains are formed after the multilayered insulating film 
is formed in order to prevent thermal diffusion of the im- 
purities caused by the processing at high temperature, 
a defect occurs in the multilayered insulating film by ion 
implantations of the impurities, causing such a problem 
as increase in leakage current or decrease in reliability. 
[0015] As described above, even if the multilayered 
insulating film such as the ON film, the ONO film, or the 
like is formed by the thermal CVD method or a thermal 
oxidation method in order to attempt further miniaturiza- 
tion and high performance of the semiconductor mem- 
ory, the processing at high temperature is required, 
thereby preventing miniaturization of the element. This 
makes a current situation that a semiconductor memory 
of high performance is difficult to be realized. 

SUMMARY OF THE INVENTION 

[0016] The present invention is invented in consider- 
ation of the above-mentioned problems. It is an object 
of the present invention to provide a method for manu- 
facturing a semiconductor device and a semiconductor 
memory device of high reliability by forming a multilay- 
ered insulating film such as an ON film, an ONO film, or 
the like in low temperature and of high quality. 
[0017] Inventors of the present invention made up fol- 
lowing aspects of the invention after extremely careful 
consideration. 

[0018] A method for manufacturing a semiconductor 
device according to the present invention comprises: a 
step of forming a lower silicon oxide film; a step of form- 
ing a silicon film on the lower silicon oxide film; and a 
step of forming a silicon nitride film on the lower silicon 
oxide film to completely nitride the silicon film by a plas- 
ma nitriding method, wherein a multilayered insulating 
film including at least the lower silicon oxide film and the 
silicon nitride film is formed. 

[0019] A method for manufacturing a semiconductor 
device according to the present invention comprises: a 
step of forming a silicon nitride film to nitride a surface 
of a silicon region by a plasma nitriding method; a step 
of oxidizing a surface of a silicon nitride film and an in- 
terface of the surface of the silicon region facing with 
the silicon nitride film simultaneously by a plasma oxi- 
dizing method, and of simultaneously forming an upper 



silicon oxide film on the surface thereof and a lower sil- 
icon oxide film on the interface thereof, wherein a mul- 
tilayered insulating film composed of the lower silicon 
oxide film, the silicon nitride film and the upper silicon 
5 oxide film is formed. 

[0020] A method for manufacturing a semiconductor 
device according to the present invention comprises: a 
step of forming a lower silicon oxide film; a step of form- 
ing a silicon nitride film on the lower silicon oxide film by 
w a CVD method; and a step of oxidizing a surface of the 
silicon nitride film by a plasma oxidizing method, where- 
in a multilayered insulating film composed of the lower 
silicon oxide film, the silicon nitride film and an upper 
silicon oxide film is formed. 
15 [0021] A semiconductor memory device according to 
the present invention comprises: a memory cell; includ- 
ing a semiconductor substrate, an insulation film includ- 
ing a silicon nitride film having a charge-capture func- 
tion, formed on the semiconductor substrate, a gate 
electrode formed on the semiconductor substrate via 
the insulation film, and a pair of impurity diffused layers 
formed on the semiconductor substrate, wherein the sil- 
icon nitride film is a uniform and dense nitrided film 
formed by only plasma nitriding through microwave ex- 
citation or a series of processing including the plasma 
nitriding. 

[0022] A semiconductor memory device according to 
the present invention comprises: a semiconductor sub- 
strate; a gate insulation film formed on the semiconduc- 
tor substrate; an island-shaped floating gate having a 
charge-capture function, formed on the semiconductor 
substrate via the insulation film; a dielectric film formed 
on the floating gate; a control gate formed on the floating 
gate via the dielectric film; and a pair of impurity diffused 
layers formed on the semiconductor substrate, wherein 
the dielectric film includes a uniform and dense silicon 
nitride film formed by only plasma nitriding through mi- 
crowave excitation or a series of processing including 
the plasma nitriding. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

Fig. 1Ato Fig. 1 Care diagrammatic cross sectional 
views for explaining a first aspect of the present in- 
vention; 

Fig. 2A and Fig. 2B are diagrammatic cross section- 
al views for explaining a second aspect of the 
present invention; 

Fig. 3A and Fig. 3B are diagrammatic cross section- 
al views for explaining a third aspect of the present 
invention; 

Fig. 4A and Fig. 4B are schematic cross sectional 
views showing a method for manufacturing a sem- 
iconductor memory device including embedded bit 
line type SONOS transistors in a first embodiment 
in the order of processes; 
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Fig. 5A and Fig. 5B are schematic cross sectional 
views, subsequent to Fig. 4A and Fig. 4B, showing 
the method for manufacturing the semiconductor 
memory device including the embedded bit line type 
SONOS transistors in the first embodiment In the 5 
order of processes; 

Fig. 6A and Fig. 6B are schematic cross sectional 
views, subsequent to Fig. 5A and Fig. 5B, showing 
the method for manufacturing the semiconductor 
memory device including the embedded bit line type 10 
SONOS transistors in the first embodiment in the 
order of processes; 

Fig. 7A and Fig. 7B are schematic cross sectional 
views, subsequent to Fig. 6A and Fig. 6B, showing 
the method for manufacturing the semiconductor 15 
memory device including the embedded bit line type 
SONOS transistors in the first embodiment in the 
order of processes; 

Fig. 8A and Fig. 8B are schematic cross sectional 
views, subsequent to Fig. 7 A and Fig. 7B, showing 20 
the method for manufacturing the semiconductor 
memory device including the embedded bit line type 
SONOS transistors in the first embodiment in the 
order of processes; 

Fig. 9A and Fig. 9B are schematic cross sectional 25 
views, subsequent to Fig. 8A and Fig. 8B, showing 
the method for manufacturing the semiconductor 
memory device including the embedded bit line type 
SONOS transistors in the first embodiment in the 
order of processes; 30 
Fig. 1 0A and Fig. 1 0B are schematic cross sectional 
views, subsequent to Fig. 9A and Fig. 9B, showing 
the method for manufacturing the semiconductor 
memory device including the embedded bit line type 
SONOS transistors in the first embodiment in the 35 
order of processes; 

Fig. 1 1 A and Fig. 1 1 B are schematic cross sectional 
views, subsequent to Fig. 10A and Fig. 10B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the embedded bit line 40 
type SONOS transistors in the first embodiment in 
the order of processes; 

Fig. 1 2A and Fig. 1 2B are schematic cross sectional 
views, subsequent to Fig. 1 1 A and Fig. 1 1 B, show- 
ing the method for manufacturing the semiconduc- 45 
tor memory device including the embedded bit line 
type SONOS transistors in the first embodiment in 
the order of processes; 

Fig. 1 3A and Fig. 1 3B are schematic cross sectional 
views, subsequent to Fig. 1 2A and Fig. 1 2B, show- so 
ing the method for manufacturing the semiconduc- 
tor memory device including the embedded bit line 
type SONOS transistors in the first embodiment in 
the order of processes; 

Fig. 1 4 is a diagrammatic view showing a schematic ss 
configuration of a plasma processor provided with 
a radial line slot antenna used for every embodi- 
ment; 



Fig. 1 5 A and Fig . 1 5B are schematic cross sectional 
views showing a method for manufacturing a sem- 
iconductor memory device including floating gate 
type transistors in a second embodiment in the or- 
der of processes: 

Fig. 1 6A and Fig . 1 6B are schematic cross sectional 
views, subsequent to Fig. 15A and Fig. 15B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the floating gate type 
transistors in the second embodiment in the order 
of processes; 

Fig. 17Aand Fig. 1 7B are schematic cross sectional 
views, subsequent to Fig. 1 6A and Fig. 1 6B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the floating gate type 
transistors in the second embodiment in the order 
of processes; 

Fig. 1 8A and Fig. 1 8B are schematic cross sectional 
views, subsequent to Fig. 1 7A and Fig. 1 7B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the floating gate type 
transistors in the second embodiment in the order 
of processes; 

Fig. 1 9A and Fig . 1 9B are schematic cross sectional 
views, subsequent to Fig. 18A and Fig. 18B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the floating gate type . 
transistors in the second embodiment in the order 
of processes; 

Fig. 20 is a schematic cross sectional views, sub- 
sequent to Fig. 19A and Fig. 19B, showing the 
method for manufacturing the semiconductor mem- 
ory device including the floating gate type transis- 
tors in the second embodiment in the order of proc- 
esses; 

Fig. 21 A and Fig. 21 B are schematic cross sectional 
views, subsequent to Fig. 20, showing the method 
for manufacturing the semiconductor memory de- 
vice including the floating gate type transistors in 
the second embodiment in the order of processes; 
Fig. 22A and Fig. 22B are schematic cross sectional 
views, subsequent to Fig. 21 A and Fig. 21 B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the floating gate type 
transistors in the second embodiment in the order 
of processes; 

Fig. 23A and Fig. 23B are schematic cross sectional 
views, subsequent to Fig. 22A and Fig. 22B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the floating gate type 
transistors in the second embodiment in the order 
of processes; 

Fig. 24A and Fig. 24B are schematic cross sectional 
views, subsequent to Fig. 23A and Fig. 23B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the floating gate type 
transistors in the second embodiment in the order 
of processes; 
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Fig. 25A and Fig. 25B are schematic cross sectional 
views, subsequent to Fig. 24A and Fig. 24B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the floating gate type 
transistors in the second embodiment in the order 5 
of processes; 

Fig. 26A and Fig. 26B are schematic cross sectional 
views, subsequent to Fig. 25A and Fig. 25B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the floating gate type 10 
transistors in the second embodiment in the order 
of processes; 

Fig. 27A and Fig. 27B are schematic cross sectional 
views showing a method for manufacturing a sem- 
iconductor memory device including embedded bit 15 
line type SONOS transistors in a third embodiment 
in the order of processes; 

Fig. 28A and Fig. 28B are schematic cross sectional 
views, subsequent to Fig. 27A and Fig. 27B, show- 
ing the method for manufacturing the semiconduc- 20 
tor memory device including the embedded bit line 
type SONOS transistors in the third embodiment in 
the order of processes; 

Fig. 29A and Fig. 29B are schematic cross sectional 
views, subsequent to Fig. 28A and Fig. 28B, show- 25 
ing the method for manufacturing the semiconduc- 
tor memory device including the embedded bit line 
type SONOS transistors in the third embodiment in 
the order of processes; 

Fig. 30A and Fig. 30B are schematic cross sectional 30 
views, subsequent to Fig. 29A and Fig. 29B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the embedded bit line 
type SONOS transistors in the third embodiment in 
the order of processes; 35 
Fig. 31 A and Fig. 31 B are schematic cross sectional 
views, subsequent to Fig. 30A and Fig. 30B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the embedded bit line 
type SONOS transistors in the third embodiment in 40 
the order of processes; 

Fig. 32A and Fig. 32B are schematic cross sectional 
views, subsequent to Fig. 31 A and Fig. 31 B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the embedded bit line 45 
type SONOS transistors in the third embodiment in 
the order of processes; 

Fig. 33A and Fig. 33B are schematic cross sectional 
views, subsequent to Fig. 32A and Fig. 32B, show- 
ing the method for manufacturing the semiconduc- so 
tor memory device including the embedded bit line 
type SONOS transistors in the third embodiment in 
the order of processes; 

Fig. 34A and Fig. 34B are schematic cross sectional 
views, subsequent to Fig. 33A and Fig. 33B, show- 55 
ing the method for manufacturing the semiconduc- 
tor memory device including the embedded bit line 
type SONOS transistors in the third embodiment in 



the order of processes; 

Fig. 35A and Fig. 35B are schematic cross sectional 
views, subsequent to Fig. 34A and Fig. 34B, show- 
ing the method for manufacturing the semiconduc- 
tor memory device including the embedded bit line 
type SONOS transistors in the third embodiment in 
the order of processes; and 
Fig. 36 is a characteristic chart showing a result of 
a study in a relationship between a deposition tem- 
perature of a silicon nitride film and a threshold val- 
ue (Vt) shift caused by leaving the silicon nitride film 
in a high temperature. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

-Basic Structure of the Present Invention- 

[0024] First, a basic structure of the present invention 
is explained. 

[0025] According to the present invention, about 
processing in which heating is required for over approx- 
imately a few minutes in a low temperature condition 
through overall manufacturing processing, and specifi- 
cally except processing in which rapid temperature in- 
crease and rapid temperature decrease are conducted 
within one minute such as RTA or the like, a semicon- 
ductor memory device is manufactured under a low tem- 
perature condition of 600°C or below. Considering the 
above-mentioned processing, when a silicon nitride film 
is formed, instead of a CVD method requiring for high 
temperature, nitriding processing (a plasma nitriding 
method), for which a nitride radical formed by excited 
plasma is used, is adopted. Furthermore, not only the 
silicon nitride film but also a silicon oxide film of a mul- 
tilayered insulating film is similarly formed by a plasma 
oxidizing method. 

[0026] The plasma nitriding method is a method for 
conducting nitriding processing in which plasma is ex- 
cited by microwave in an atmosphere containing a 
source gas containing a nitride atom in addition to one 
kind or plural kinds of inert gases among He, Ne, Ar, Kr, 
Xe, and Rn, for example, one kind selected from NH 3 
gas, a mixed gas of N 2 and H 2 , and N 2 gas in addition 
to the inert gas, or a mixed gas of the NH 3 gas and the 
N 2 gas, or the NH 3 gas, the mixed gas of N 2 and H 2 so 
as to generate a nitride radical (N* radical or NH* radi- 
cal). According to the method, a plasma nitride film of 
dense and high quality can be obtained in as low tem- 
perature as between approximately 200°C and 600°C. 
It should be noted that Ar and Kr are suitable for the i nert 
gas in which the source gas is contained; the plasma 
nitride film of best quality can,be obtained when Kr is 
used. Furthermore, an oxidizing rate is high when a gas 
containing hydrogen is used. 

[0027] The plasma oxidizing method is a method for 
conducting oxidizing processing in which plasma is ex- 
cited by microwave in an atmosphere containing a 
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source gas containing an oxygen atom in addition to one 
kind or plural kinds of inert gases among He, Ne, Ar, Kr, 
Xe, and Rn, for example, one kind selected from 0 2 , a 
mixed gas of 0 2 and H 2 , and H 2 0 gas in addition to the 
inert gas, or a mixed gas of 0 2 and the H 2 0 gas, or a 
mixed gas of 0 2 , H 2 , and the H 2 0 gas so as to generate 
an oxide radical (O* radical or OH* radical). According 
to the method, a plasma oxide film of dense and high 
quality can be obtained in as low temperature as be- 
tween approximately 200°C and 600°C. It should be 
noted that Ar and Kr are suitable for the inert gas in 
which the source gas is contained; the plasma oxide film 
of best quality can be obtained when Kr is used. Fur- 
thermore, an oxidizing rate is high when a gas contain- 
ing hydrogen is used. 

[0028] However, the following problems arise when 
the plasma nitriding method and the plasma oxidizing 
method are adopted. 

[0029] Generally, when manufacturing a semiconduc- 
tor memory, after a multilayered insulating film such as 
an ON film, an ONO film, or the like is formed on an 
entire surface including a memory cell region, the mul- 
tilayered insulating film in a peripheral circuit region is 
removed and a gate insulation film is formed in the pe- 
ripheral circuit region by thermal oxidization. In this 
case, the memory cell region is covered with the multi- 
layered insulating film. An oxidizing rate of the silicon 
nitride film is extremely as slow as 1/30 or below com- 
pared with that of a surface of a substrate. Furthermore, 
the silicon nitride film does not put through 0 2: and 
therefore, an upper silicon oxide film of the multilayered 
insulating film is only slightly increased. The same thing 
can be said when an oxynitride film is formed as the gate 
insulation film. The multilayered insulating film in a 
memory cell is not affected very much because the sil- 
icon nitride film does not put through N 2 0 or NO. 
[0030] However, when the gate insulation film in the 
peripheral circuit region is formed, and when the afore- 
mentioned plasma oxidizing method or plasma nitriding 
method is used, because of extremely strong oxidizing 
power of the O* radical or the OH* radical, or extremely 
strong nitriding power of the N* radical or the NH* radi- 
cal, the silicon nitride film of the multilayered insulating 
film in the memory cell is oxidized when the silicon oxide 
film is formed as the gate insulation film, and the silicon 
oxide film of the multilayered insulating film is further ni- 
trided when a silicon oxynitride film is formed as the gate 
insulation film. For example, a growth rate of the silicon 
oxide film made by oxidization of the silicon nitride film 
of the multilayered insulating film is a same as approx- 
imately 0.8 times as the growth rate of the silicon oxide 
film formed by oxidization of a silicon substrate. There- 
fore, the silicon nitride film is replaced by the silicon ox- 
ide film (or the silicon oxide film by the silicon nitride 
film). 

[0031 ] Inventors of the present invention made up fol- 
lowing aspects in consideration to that a peripheral cir- 
cuit and especially the gate insulation film therein could 



be successfully formed by the plasma nitriding method 
without generating hydrogen and without causing a 
problem in relation to the multilayered insulating film 
when the multilayered insulating film of dense and high 
5 quality is formed in low temperature, using the plasma 
nitriding method or the plasma oxidizing method. 

-First Aspect- 

10 [0032] First, a first aspect will be explained. Fig. 1 A to 
Fig. 1C are diagrammatic views for explaining the first 
aspect. Here, an explanation is given with an example 
that an ONO film is formed in a memory cell region, and 
that a gate insulation film is formed in a peripheral circuit 

15 region. 

[0033] In this embodiment, firstly, as shown in Fig. 1 A, 
after a lower silicon oxide film 102 is formed on a silicon 
region 101 which is a memory cell region of a silicon 
semiconductor substrate, or is a polycrystalline silicon 

20 film or an amorphous silicon (a-Si) film (for example, an 
island-shaped floating gate) formed in the memory cell 
region, a silicon film 103 is formed on the lower silicon 
oxide film 102 by, for example, a thermal CVD method. 
The polycrystalline silicon film or the a-Si film may be 

25 acceptable as the silicon film 1 03. The a-Si film can grow 
under a temperature of 575°C or below, for example, as 
low as 530°C. Silane containing a hydrogen atom is 
generally used as a raw material gas. However, little hy- 
drogen is generated because the silane does not con- 

30 tain ammonia. However, the silicon film 1 03 is required 
to be formed having a film thickness of 5 nm or more in 
order to prevent from generating "a gap" caused by dep- 
osition unevenness. 

[0034] Subsequently, as shown in Fig. 1 B, the silicon 

55 film 103 is completely nitrided by the aforementioned 
plasma nitriding method to be replaced by a silicon ni- 
tride film 1 04. A preferable processing is possible under 
a temperature condition of as low as 530°C or below, 
for example, 400°C. The low temperature treatment pre- 

40 vents hydrogen in the silicon nitride film from desorbing 
and diffusing to the lower silicon oxide film. Furthermore, 
by generating only the N* radical as a radical, plasma 
processing can be conducted without using hydrogen 
as a raw material gas. 

45 [0035] Subsequently, as shown in Fig. 1C, a surface 
layer of the silicon nitride film 1 04 is completely oxidized 
by the aforementioned plasma oxidizing method to be 
replaced by an upper silicon oxide film 105. An ONO 
film 111 as a multilayered insulating film composed of 

50 the lower silicon oxide film 102, the silicon nitride film 
104, and the upper silicon oxide film 105 is formed. A 
preferable processing is possible under a temperature 
condition of as low as 530°C or below, for example, 
400°C when the upper silicon oxide film 105 is formed. 

55 Furthermore, by generating only the O* radical as a rad- 
ical, plasma processing can be conducted without using 
hydrogen as a raw material gas. 
[0036] At this time, by the aforementioned plasma ox- 
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idizing method, a gate insulation film 112 may be pref- 
erably formed in a peripheral circuit region of a semi- 
conductor substrate simultaneously with the upper sili- 
con oxide film 105. This makes heat history lower and 
shorter period of time, thereby miniaturizing elements. 
In this case, unlike the case when the gate insulation 
film in the peripheral circuit region is formed after the 
ONO film is formed, the gate insulation film 11 2 is simul- 
taneously formed by plasma oxidization for forming the 
upper silicon oxide film 105 while the ONO film 111 is 
formed (in a state ihat the lower silicon oxide film 1 02 
and the silicon nitride film 104 are formed). Therefore, 
strong oxidizing power due to plasma oxidization does 
not have to be concerned. 

[0037] Here, an effect of the strong oxidizing power 
on the upper silicon oxide film 105 due to the plasma 
oxidization does not have to be concerned, because si- 
multaneous oxidization of the above-mentioned films 
does not perform excessively, although a film thickness 
of the films needs to be controlled. Oxidization by reach- 
ing of the radical to the lower silicon oxide film 1 02 which 
is a base does not need to be concerned because an 
appropriate film thickness is selected. When the upper 
silicon oxide film 105 is formed, a total film thickness of 
the lower silicon oxide film 102 and the silicon nitride 
film 104 is preferably approximately 15 nm or more. 

-Second Aspect- 

[0038J Next, a second aspect will be explained. Fig. 
2A and Fig. 2B are diagrammatic views for explaining 
the second aspect. Here, an explanation is also given 
with an example that an ONO film is formed in a memory 
cell region, and that a gate insulation film is formed in a 
peripheral circuit region. 

[0039] In this embodiment, firstly, as shown in Fig. 2A, 
a surface layer of a silicon region 201 which is a memory 
cell region of a silicon semiconductor substrate, or is a 
polycrystalline silicon film or an a-Si film (for example, 
an island-shaped floating gate) formed in the memory 
cell region, is completely nitrided to form a silicon nitride 
film 202 by the aforementioned plasma nitriding method. 
A preferable processing is possible under a temperature 
condition of as low as 530°C or below, for example, 
400°C. The low temperature treatment prevents hydro- 
gen in the silicon nitride film from desorbing and diffus- 
ing to the lower silicon oxide film. Furthermore, by gen- 
erating only the N* radical as a radical, plasma process- 
ing can be conducted without using hydrogen as a raw 
material gas. 

[0040] Subsequently, as shown in Fig. 2B, a surface 
layer of the silicon nitride film 202 is oxidized by the 
aforementioned plasma oxidizing method. The silicon 
nitride film 202 is formed to have a film thickness of 15 
nm or below by the aforementioned plasma nitriding so 
as to oxidize not only the surface layer of the silicon ni- 
tride film 202 but also an interface of the silicon region 
201 facing with the silicon nitride film 202. Therefore, an 



ONO film 211 as a multilayered insulating film com- 
posed of the lower silicon oxide film 203, the silicon ni- 
tride film 202, and the upper silicon oxide film 204 is 
formed. A preferable processing is possible under a 
5 temperature condition of as low as 530°C or below, for 
example, 400°C when the lower silicon oxide film 203 
and the uppersilicon oxide film 204 are formed. Further- 
more, by generating only the O* radical as a radical, 
plasma processing can be conducted without using hy- 
*0 drogen as a raw material gas. 

[0041] At this time, as is the case with the first embod- 
iment, by the aforementioned plasma oxidizing method, 
a gate insulation film 212 may be formed in a peripheral 
circuit region of a semiconductor substrate simultane- 
15 ously with the lower silicon oxide film 203 and the upper 
silicon oxide film 204. This makes heat history lower and 
shorter period of time, thereby miniaturizing elements. 
In this case, unlike the case when the gate insulation 
film in the peripheral circuit region is formed after the 
*> ONO film is formed, the gate insulation film 21 2 is simul- 
taneously formed by plasma oxidization for forming the 
lower silicon oxide film 203 and the upper silicon oxide 
film 204 while the ONO film 21 1 is formed (in a state that 
the silicon nitride film 202 is formed). Therefore, strong 
25 oxidizing power due to the plasma oxidization can be 
utilized. 

[0042] In this embodiment, when the ONO film is 
formed, a nitrided film and an oxide film are directly 
formed from silicon without using a CVD method at all 
30 Therefore, an ONO film of low leakage current and ex- 
treme high quality can be formed, 

-Third Aspect- 



35 [0043] Next, a third aspect will be explained. Fig. 3A 
and Fig. 3B are diagrammatic views for explaining the 
third aspect. Here, an explanation is also given with an 
example that an ONO film is formed in a memory cell 
region, and that a gate insulation film is formed in a pe- 
ripherai circuit region. 

[0044] In this embodiment, firstly, as shown in Fig. 3A, 
after a lower silicon oxide film 302 is formed on a silicon 
region 301 which is a memory cell region of a silicon 
semiconductor substrate, or is a polycrystalline silicon 
4 5 film or an a-Si film (for example, an island-shaped float- 
ing gate) formed in the memory cell region, a silicon ni- 
tride film 303 is formed on the lower silicon oxide film 
302 by, for example, a thermal CVD method or a plasma 
CVD method. The silicon nitride film formed by the CVD 
50 method contains many lattice defects, and therefore, it 
is suitable when used as a charge-storage film. 
[0045] Subsequently, as shown in Fig. 3B, a surface 
layer of the silicon nitride film 303 is oxidized by the 
aforementioned plasma oxidizing method to be re- 
55 placed by an upper silicon oxide film 304. An ONO film 
311 as a multilayered insulating film composed of the 
lower silicon oxide film 302, the silicon nitride film 303, 
and the upper silicon oxide film 304 is formed. A prefer- 
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able processing is possible under a temperature condi- 
tion of as low as 530°C or below, for example, 400°C 
when the upper silicon oxide film 304 is formed. Further- 
more, by generating only the O* radical as a radical, 
plasma processing can be conducted without using hy- 
drogen as a raw material gas. 

[0046] At this time, by the aforementioned plasma ox- 
idizing method, a gate insulation film 31 2 may be formed 
in a peripheral circuit region of a semiconductor sub- 
strate simultaneously with the upper silicon oxide film 
304. This makes heat history lower and shorter period 
of time, thereby miniaturizing elements. In this case, un- 
like the case when the gate insulation film in the periph- 
eral circuit region is formed after the ONO f ilm is formed, 
the gate insulation film 312 is simultaneously formed by 
plasma oxidization for forming the upper silicon oxide 
film 304 while the ONO film 31 1 is formed (in a state that 
the lower silicon oxide film 302 and the silicon nitride 
film 303 are formed). Therefore, strong oxidizing power 
due to the plasma oxidization can be utilized. 

-Specific Embodiments- 

[0047] Specific embodiments are explained below 
based on the aforementioned basic structure of the 
present invention. 

-First embodiment- 

[0048] In this embodiment, a semiconductor memory 
device having an embedded bit line type SONOS struc- 
ture will be disclosed. A structure of the semiconductor 
memory device is explained with a method for manufac- 
turing thereof as a matter of convenience. 
[0049] This semiconductor memory device is so 
structured that SONOS transistors in a memory cell re- 
gion are of a planer type and that CMOS transistors are 
formed in a peripheral circuit region. 
[0050] Fig. 4A to Fig. 13B are schematic cross sec- 
tional views showing a method for manufacturing the 
semiconductor memory device including embedded bit 
line type SONOS transistors in this embodiment in the 
order of processes. Here, each A of the drawings shows 
a memory cell region (a core region), and each B thereof 
shows a peripheral circuit region. The left side of the A 
thereof corresponds to a cross section (an X section) 
taken along the parallel line to a gate electrode (a word 
line), and the right side corresponds to a cross section 
(a Y section) taken along the perpendicular line to the 
gate electrode. 

[0051] First, as shown in Fig. 4A and Fig. 4B, element 
isolation structures are formed in a peripheral circuit re- 
gion 12 to demarcate element active regions. 
[0052] Here, by a so-called STI (Shallow Trench Iso- 
lation) method, trenches are formed in element isolation 
regions in the peripheral circuit region 12 of a p-type sil- 
icon semiconductor substrate 1. Furthermore, STI ele- 
ment isolation structures 2 are formed by filling the 



trenches with insulators so as to demarcate the element 
active regions. 

Incidentally, since a planar-type memory is disclosed in 
this embodiment, element isolation structures are not 

5 formed in the core region. 

[0053] Subsequently, wells 3, 4, and 5 are formed in 
the peripheral circuit region 12. 
[0054] Specifically, in an n-type region, n-type impu- 
rities such as phosphorus (P), arsenic (As), or the like 

io are ion-implanted into only an n-type region of the pe- 
ripheral circuit region 1 2, and the impurities are thermal- 
ly diffused by annealing treatment to form the n-well 3 
in the n-type region. On the other hand : in a p-type re- 
gion, the n-type impurities such as phosphorus (P), ar- 

15 senic (As), or the like are deeply ion-implanted into only 
a p-type region of the peripheral circuit region 12, and 
a p-type impurity such as boron (B) is less shallowly ion- 
implanted than the n-type impurities. Then, the impuri- 
ties are thermally diffused by annealing treatment to 

20 form the deep n-well 4 and the p-well 5 in the n-well 4 
so as to form a triple-well structure in the p-type region. 
[0055] Subsequently, bit-line diffusion layers 6 are 
formed in a core region 11 of the semiconductor sub- 
strate 1 . 

25 [0056] Specifically, resist masks (not shown) in a bit- 
line shape are formed by lithography, and using them 
as masks, an n-type impurity, arsenic (As) in this exam- 
ple, is ion-implanted. Here, it is ion-implanted with a 
dose amount of 2.0 x 10 14 (/cm 2 ) or more in order to 

30 lower bit-line resistance. Through these processes, the 
bit-line diffusion layers 6 also serving as sources/drains 
are formed. 

[0057] Subsequently, after the resist masks are re- 
moved by ashing treatment or the like, a resist mask (not . 

35 shown) covering only the p-type region of the peripheral 
circuit region 12 is formed. Furthermore, using this as a 
mask, ion-implantation of boron (B) for threshold value 
adjustment is conducted (shown as a reference numeral 
41). Incidentally, this ion-implantation is not limited to 

to the p-type region, and is applicable to the n-type region. 
[0058] Subsequently, after the resist mask is removed 
by ashing treatment or the like, and after silicon surfaces 
of the respective element active regions in the core re- 
gion 1 1 and the peripheral circuit region 1 2 are exposed 

45 by HF treatment, an ONO film as a multilayered insulat- 
ing film is formed. 

[0059] Here, a plasma oxidizing method and a plasma 
nitriding method through microwave excitation are used 
for forming the ONO film. 

so [0060] Specifically, a plasma processor, as shown in 
Fig. 14, provided with a radial line slot antenna, is used 
for plasma oxidizing and plasma nitriding. This plasma 
processor 1000 includes a gate valve 1002 communi- 
cating with a cluster tool 1 001 , a process chamber 1 005 

55 capable of accommodating a susceptor on which an ob- 
ject to be processed (the semiconductor substrate 1 in 
this embodiment) is to be mounted and which is provid- 
ed with a cooling jacket 1003 for cooling the object to 
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be processed at the time of plasma processing, a high- 
vacuum pump 1 006 connected to the process chamber 
1005, a microwave supply source 1010, an antenna 
member 1 020, a bias highfrequency power source 1 007 
and a matching box 1 008 constituting an ion plating ap- 
paratus together with this antenna member 1020, gas 
supply systems 1030, 1040 having gas supply rings 
1 031 , 1 041 , and a temperature control section 1 050 for 
controlling the temperature of the object to be proc- 
essed. 

[0061] The microwave supply source 1010 is made 
from, for example, magnetron and is generally capable 
of generating a microwave (for example, 5 kW) of 2.45 
GHz. The transmission mode of the microwave is there- 
after converted to a TM, TE, TEM mode or the like by a 
mode converter 1012. 

[0062] The antenna member 1 020 has a temperature- 
adjusting plate 1 022, an accommodating member 1 023, 
and a dielectric plate. The temperature-adjusting plate 
1022 is connected to a temperature control unit 1021, 
and the accommodating member 1023 accommodates 
a wavelength shortening material 1024 and a slot elec- 
trode (not shown) being in contact with the wavelength 
shortening material 1 024. This slot electrode is called a 
radial line slot antenna (RLSA) or an ultra-high efficiency 
flat antenna. In this embodiment, however, a different 
type of antenna, for example, a single-layer waveguide 
flat antenna, a dielectric substrate parallel plane slot ar- 
ray, or the like may be applied. 
[0063] In forming the ONO film of this embodiment us- 
ing the plasma processor as structured above, as shown 
in Fig. 5A and Fig. 5B, lower silicon oxide films 21 are 
firstly formed on silicon surfaces of the element active 
regions by a plasma oxidizing method. 
[0064] Specifically, using a source gas containing Ar 
and 0 2 but not hydrogen, oxidizing processing is con- 
ducted by generating an oxygen radical (O*) by irradi- 
ating the source gas with a microwave of 3.5 kW under 
a temperature condition of 450°C so as to form the lower 
silicon oxide films 21 . It should be noted that the lower 
silicon oxide films might be formed by a thermal oxida- 
tion method or a CVD oxide method instead of the plas- 
ma oxidizing. 

[0065] Subsequently, as shown in Fig. 6A and Fig. 6B, 
amorphous silicon (a-Si) films 31 are deposited to have 
a film thickness of approximately 9 nm on the lower sil- 
icon oxide films 21 by a thermal CVD method under a 
temperature condition of 530°C, using SiH 4 as a raw 
material gas. Here, polycrystalline silicon films may be 
formed instead of the a-Si films. 
[0066] Next, as shown in Fig. 7A and Fig. 7B, the a- 
Si films 31 are completely nitrided by a plasma nitriding 
method to form silicon nitride films 22 on the lower sili- 
con oxide films 21. 

[0067] Specifically, using a source gas containing N 2 
and Ar but not hydrogen, nitriding processing is conduct- 
ed by generating a nitrogen radical (N*) by irradiating 
the source gas with a microwave of 3.5 kW under a tem- 



perature condition of 450°C. The a-Si films 31 having a 
film thickness of approximately 9 nm are completely ni- 
trided to be replaced by the silicon nitride films 22 h aving 
a film thickness of approximately 18 nm. 
5 [0068] Subsequently, surface layers of the silicon ni- 
tride films 22 are oxidized by a plasma oxidizing method 
to form upper silicon oxide films. In this embodiment, by 
the plasma oxidization, gate insulation films are respec- 
tively formed in the peripheral circuit region 12 with the 
10 upper silicon oxide film in the core region 11. 

[0069] Specifically, as shown in Fig. 8A and Fig. 8B, 
only the core region 11 is covered with a resist mask 
(not shown), and using it as a mask, the silicon nitride 
film 22 formed in the peripheral circuit region 12 is re- 
's moved by dry etching. Subsequently, the lower silicon 
oxide film 21 formed in the peripheral circuit region 12 
is removed by HF treatment so as to expose the surface 
of the semiconductor substrate 1 in the peripheral circuit 
region 1 2. 

20 [0070] Subsequently, after the resist mask is removed 
by ashing treatment or the like, as shown in Fig. 9A and 
Fig. 9B, using a source gas containing Ar and 0 2 but 
not hydrogen, oxidizing processing is conducted by gen- 
erating an oxygen radical (O*) by irradiating the source 

25 gas with a microwave of 3.5 kW under a temperature 
condition of 450°C. A silicon oxide film 30 is formed by 
oxidizing a surface layer of the silicon nitride film 22 in 
the core region 11. Simultaneously, a silicon oxide film 
32 having a film thickness of approximately 8 nm is 

30 formed in the peripheral circuit region 1 2. 

[0071] Subsequently, as shown in Fig. 10A and Fig. 
1 0B, a part for forming a thin gate insulation film in the 
peripheral circuit region 12, that is, a resist mask (not 
shown) for exposing only the n-type region, is formed. 

35 HF treatment is conducted using it as a mask, thereby 
removing the silicon oxide film 32 in the n-type region. 
[0072] Subsequently, after the resist mask is removed 
by ashing treatment or the like, as shown in Fig. 11 A and 
Fig. 11B, oxidizing processing is conducted by the afore- 

40 mentioned plasma oxidizing method so as to form a sil- 
icon oxide film having a film thickness of approximately 
7 nm on a surface of the exposed semiconductor sub- 
strate 1 . At this time, in the core region 11 , the surface 
layer of the silicon nitride film 22 is further oxidized and 

^5 replaced by a silicon oxide film, and as a result, an upper 
silicon oxide film 23 having a film thickness of approxi- 
mately 10 nm is formed. Simultaneously, in the periph- 
eral circuit region 1 2, a thin gate insulation film 24 having 
a film thickness of approximately 7 nm is formed in the 

so n-type region. Furthermore, a gate insulation film 25 
having.a film thickness of approximately 1 3 nm is formed 
in the p-type region by plasma oxidization having a film 
thickness of approximately 7 nm after plasma oxidiza- 
tion having a film thickness of aforementioned 8 nm (the 

55 silicon oxide film 32). 

[0073] In the core region 11, an ONO film 7 is thus 
composed of the lower silicon oxide film 21 having a film 
thickness of approximately 8 nm formed by plasma ox- 
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idization, the silicon nitride film 22 having a film thick- 
ness of approximately 8 nm formed by plasma nitriding 
as a charge-storage film whose surface layer is reduced 
by plasma oxidization twice, and the upper silicon oxide 
film 23 formed by plasma oxidization. On the other hand, 
in the peripheral circuit region 12, a thin gate insulation 
film 24 having a film thickness of approximately 8 nm in 
the n-type region and a gate insulation film 25 having a 
film thickness of approximately 13 nm in the p-type re- 
gion are respectively formed. 

[0074] Subsequently, as shown in Fig. 12A and Fig. 
12B, polycrystalline silicon films 33 are formed on entire 
surfaces of the core region 11 and the peripheral circuit 
region 12 by a CVD method. 

[0075] Subsequently, as shown in Fig. 13A and Fig. 
13B, the polycrystalline silicon films 33 are patterned by 
lithography followed by dry etching to form gate elec- 
trodes 8 in the core region 11 , and the n-type region and 
the p-type region of the peripheral circuit region 12, re- 
spectively. At this time, these gate electrodes 8 in the 
core region 11 are formed to cross the bit line diffusion 
layers 6 substantially perpendicularly. 
[0076] Subsequently, sources/drains 9 and 10 are 
formed only in the peripheral circuit region 12. 
[0077] Specifically, n-type impurities are ion-implant- 
ed into the surface of the semiconductor substrate 1 on 
both sides of the gate electrode 8 in the n-type region 
to form extension regions 26. Meanwhile, in the p-type 
region, p-type impurities are ion-implanted into the sur- 
face of the semiconductor substrate 1 on both sides of 
the gate electrode 8 to form extension regions 27. 
[0078] Next, after a silicon oxide film is deposited over 
an entire surface by a CVD method, the entire surface 
of the silicon oxide film is antisotropically etched (etch 
back) so as to leave only the silicon oxide films on both 
sides of the respective gate electrodes 8, thereby form- 
ing sidewalls 28. 

[0079] Then, in the n-type region, n-type impurities 
are ion-implanted into the surface of the semiconductor 
substrate 1 on both sides of the gate electrodes 8 and 
the sidewalls 28 to form the deep sources/drains 9 which 
partly overlap the extension regions 26. Meanwhile, in 
the p-type region, p-type impurities are ion-implanted in- 
to the surface of the semiconductor substrate 1 on both 
sides of the gate electrode 8 and the sidewalls 28 to form 
the deep sources/drains 10 which partly overlap the ex- 
tension regions 27. At this time, surfaces of the sources/ 
drains 9 and 10 may be exposed so as to form siliside 
layers on the sources/drains 9 and 10, and on the gate 
electrodes 8 in the peripheral circuit region 12 by con- 
ducting salicide process. 

[0080] Thereafter, a several-layered interlayer dielec- 
tric covering the entire surface, contact holes, via holes, 
various kinds of wiring layers, and so on are formed, and 
a protective insulation film (none of them are shown) is 
formed on a top layer so that, on the semiconductor sub- 
strate 1 , many semiconductor memory devices provided 
with a peripheral circuit including SONOS type memory 



cells and the CMOS transistors are formed. Then, an 
individual semiconductor memory device is manufac- 
tured by separating and packaging the above-men- 
tioned devices. 

5 [0081] As explained above, according to the present 
embodiment, the ONO film 7 functioning as a charge- 
storage film is formed of high quality and in low temper- 
ature, and furthermore, the gate insulation films 24 and 
25 in the peripheral circuit are successfully formed with 

'0 the ONO film 7. This makes it possible to realize a 
SONOS type semiconductor memory device of high re- 
liability and low cost. 

-Second embodiment- 
's 

[0082] In this embodiment, a floating gate type semi- 
conductor memory device will be disclosed. A structure 
of the semiconductor memory device is explained with 
a method for manufacturing thereof as a matter of con- 
venience. 

[0083] The floating gate type transistors are formed 
in a memory cell region, and CMOS transistors are 
formed in a peripheral circuit region. 
[0084] Fig. 15A to Fig. 26B are schematic cross sec- 
tional views showing a method for manufacturing the 
semiconductor memory device including the floating 
gate type transistors in this embodiment in the order of 
processes. It should be noted that, for convenience, the 
same reference numerals are given to the components 
or the like explained in the first embodiment. Here, each 
A of the drawings except Fig. 20 shows a memory cell 
region (a core region), and each B thereof shows a pe- 
ripheral circuit region. The left side of the A thereof cor- 
responds to a cross section (an X section) taken along 
the parallel line to a control gate (a word line), and the 
right side corresponds to a cross section (a Y section) 
taken along the perpendicular line to the control gate. 
Fig. 20 corresponds to the X section. 
[0085] First, as shown in Fig. 15A and Fig. 15B, ele- 
ment isolation structures are respectively formed in a 
core region 11 and a peripheral circuit region 12 to de- 
marcate element active regions. 
[0086] Here, by a so-called STI (Shallow Trench Iso- 
lation) method, trenches are formed in element isolation 
regions in the core region 11 and the peripheral circuit 
region 12 of a p-type silicon semiconductor substrate 1 . 
Furthermore, STI element isolation structures 2 are 
formed by filling the trenches with insulators so as to 
demarcate the element active regions. 
[0087] Subsequently, wells 3, 4, and 5 are formed in 
the peripheral circuit region 12. 
[0088] Specifically, in an n-type region, n-type impu- 
rities such as phosphorus (P), arsenic (As), or the like 
are ion-implanted into only an n-type region of the pe- 
ripheral circuit region 12, and the impurities are thermal- 
ly diffused by annealing treatment to form the n-well 3 
in the n-type region. On the other hand : in a p-type re- 
gion, the n-type impurities such as phosphorus (P), ar- 
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senic (As), or the like are deeply Ion-implanted into only 
a p-type region of the peripheral circuit region 12, and 
a p-type impurity such as boron (B) is less shallowly ion- 
implanted than the n-type impurities. Then, the impuri- 
ties are thermally diffused by annealing treatment to 
form the deep n-well 4 and the p-well 5 in the n-well 4 
so as to form a triple-well structure in the p-type region. 
[0089] Subsequently, a resist mask (not shown) cov- 
ering only the p-type region of the peripheral circuit re- 
gion 12 is formed. Furthermore, using this as a mask, 
ion-implantation of boron (B) for threshold vaiue adjust- 
ment is conducted (shown as a reference numeral 41). 
Incidentally, this ion-implantation is not limited to the p- 
type region, and is applicable to the n-type region. 
[0090] Subsequently, as shown in Fig. 16A and Fig. 
16B, after the resist mask is removed by ashing treat- 
ment or the like, silicon surfaces of the respective ele- 
ment active regions in the core region 11 and the pe- 
ripheral circuit region 12 are exposed by HF treatment. 
Subsequently, tunnel oxide films 42 having a film thick- 
ness of approximately 1 0 nm are formed in the respec- 
tive element active regions by thermal oxidation. In view 
of lowering the temperature, the aforementioned plas- 
ma oxidizing method is also suitable for forming the tun- 
nel oxide films instead of a thermal oxidation method. 
[0091] Subsequently, as shown in Fig. 17A and Fig. 
1 7B, amorphous silicon (a-Si) films 43 formed by doping 
phosphorus (P) are entirely deposited to have a film 
thickness of approximately 90 nm by a thermal CVD 
method under a temperature condition of 530°C, using 
SiH 4 and PH 3 as raw material gases. 
[0092] Subsequently, as shown in Fig. 18A and Fig. 
1 8B, the a-Si film 43 is patterned by lithography followed 
by dry etching to form floating gates 44 which are indi- 
vidually divided perpendicular to later-described word 
lines. At the same time, in the peripheral circuit region 
12, the a-Si film 43 is entirely left. 
[0093] Subsequently, an ONO film which is a multilay- 
ered insulating film is formed as a dielectric film. 
[0094] First, as shown in Fig. 1 gA and Fig. 1 9B, silicon 
nitride films 45 are formed by the aforementioned plas- 
ma nitriding method. 

[0095] Specifically, as is the case with the first embod- 
iment, using the plasma processor provided with the ra- 
dial line slot antenna shown in Fig. 14, and using a 
source gas containing Ar and N 2 but not hydrogen, ni- 
triding processing of surface layers of the a-Si films 43 
is conducted by generating a nitrogen radical (N*) by 
irradiating the source gas with a microwave of 3.5 kW 
under a temperature condition of 450°C so as to form 
the silicon nitride films 45 having a film thickness of ap- 
proximately 12 nm. 

[0096] Subsequently, as shown in Fig. 20, a lower sil- 
icon oxide film 46 and an upper silicon oxide film 47 are 
simultaneously formed above and below the silicon ni- 
tride film 45 by the aforementioned plasma oxidizing 
method. 

[0097] Specifically, using a source gas containing Ar 



and 0 2 but not hydrogen, oxidizing processing is con- 
ducted by generating an oxygen radical (O*) by irradi- 
ating the source gas with a microwave of 3.5 kW under 
a temperature condition of 450°C. The lower silicon ox- 

5 ide film 46 Is formed by replacing an interface of the a- 
Si film 43 which is approximately 4 nm in thickness fac- 
ing with the silicon nitride film 45 by an oxide film. Si- 
multaneously, the upper silicon oxide film 47 is formed 
by replacing an upper layer of approximately 5 nm in 

to thickness of the silicon nitride film 45 by an oxide film. 
At this time, in the core region 1 1 , an ONO film 51 com- 
posed of the lower silicon oxide film 46 having a film 
thickness of approximately 4 nm on the floating gate 44 
whose film thickness is reduced to approximately 81 nm 

'5 by the aforementioned plasma nitriding and plasma ox- 
idization, the silicon nitride film 45 whose film thickness 
is reduced to approximately 6 nm, and the upper silicon 
oxide film 47 having a film thickness of approximately 4 
nm is formed. It should be noted that the three layers 

20 45, 46, and 47 are shown as a single-layered ONO film 
51 for simplification from the following Fig. 21 A to Fig. 
26B as a matter of convenience. 
[0098] Subsequently, as shown in Fig. 21A and Fig. 
21 B, the ONO film 51 and the a-Si film 43 in the periph- 

25 eral circuit region 12 are removed by dry etching. Fur- 
thermore, the silicon surface of the element active re- 
gions in the peripheral circuit region 12 is exposed by 
HF treatment. 

[0099] Subsequently, as shown in Fig. 22A and Fig. 

so 22B, the silicon surface of the element active regions in 
the peripheral circuit region 12 is thermally oxidized to 
form silicon oxide films 48 having a film thickness of ap- 
proximately 8 nm. At this time, oxidizing power by ther- 
mal oxidation method is not so strong that oxidation of 

35 the ONO film 51 in the core region 11 can be ignored. 
[0100] Subsequently, as shown in Fig. 23A and Fig. 
23B, a part for forming a thin gate insulation film in the 
peripheral circuit region 12, in this example, the silicon 
oxide film 48 in the n-type region is removed by HF treat- 

4 o ment. 

[0101] Subsequently, as shown in Fig. 24A and Fig. 
24B, thermal oxidization is conducted so as to form a 
silicon oxide film having a film thickness of approximate- 
ly 7 nm on the silicon surfaces in the n-type and the p- 

4* type region in the peripheral circuit region 12. A thin gate 
insulation film 49 having a film thickness of approximate- 
ly 10 nm is formed in the n-type region. Furthermore, a 
gate insulation film 50 having a film thickness of 16 nm 
is formed in the p-type region as a result of thermal ox- 

50 idation having a film thickness of approximately 10 nm 
after thermal oxidation having a film thickness of afore- 
mentioned 8 nm. 

[0102] Subsequently, as shown in Fig. 25A and Fig. 
25B, after a-Si films 52 are deposited on entire surfaces 
55 by a CVD method, as shown in Fig. 26A and 26B, the 
a-Si films 52 (and the a-Si film 43 in the core region 11) 
are patterned by lithography followed by dry etching. In 
the core region 1 1 , control gates 53 functioning as word 
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lines for conducting capacity coupling with the floating 
gates 44 through the ONO film 51 as the dielectric film 
are formed. In the peripheral circuit region 1 2, gate elec- 
trodes 54 as components of the CMOS transistors are 
formed. At this time, by dry etching of the a-SI film 52, 
protruding parts of the control gates 53 from the floating 
gates 44 are removed simultaneously when the control 
gates 53 are formed. 

[0103] Subsequently, extension regions 81 are 
formed only in the core region 11. 
[0104] Specifically, n-type impurities are ion-implant- 
ed into the surface of the semiconductor substrate 1 on 
both sides of the control gates 53 to form the extension 
regions 81 . 

[0105] Subsequently, extension regions 26 and 27 
are formed only in the peripheral circuit region 12. 
[0106] Specifically, n-type impurities are ion-implant- 
ed into the surface of the semiconductor substrate 1 on 
both sides of the gate electrode 54 in the n-type region 
to form the extension regions 26. Meanwhile, in the p- 
type region, p-type impurities are ion-implanted into the 
surface of the semiconductor substrate 1 on both sides 
of the gate electrode 54 to form the extension regions 
27. 

[01 07] Next, after a silicon oxide film is deposited over 
an entire surface by a CVD method, the entire surface 
of the silicon oxide film is antisotropically etched (etch 
back) so as to leave only the silicon oxide films on both 
sides of the respective gate electrodes 54, thereby form- 
ing sidewalls 28. 

[0108] Then, in the core region 11, n-type impurities 
are ion-implanted into the surface of the semiconductor 
substrate 1 on both sides of the control gates 53 and the 
sidewalls 28 to form sources/drains 82 which partly 
overlap the extension regions 81 . 
[0109] Then, in the peripheral circuit region 12, in the 
n-type region, n-type impurities are ion-implanted into 
the surface of the semiconductor substrate 1 on both 
sides of the gate electrodes 54 and the sidewalls 28 to 
form deep sources/drains 9 which partly overlap the ex- 
tension regions 26. Meanwhile, in the p-type region, p- 
type impurities are ion-implanted into the surface of the 
semiconductor substrate 1 on both sides of the gate 
electrode 54 and the sidewalls 28 to form deep sources/ 
drains 1 0 which partly overlap the extension regions 27. 
At this time, surfaces of the sources/drains 9 and 1 0 may 
be exposed so as to form siliside layers on the sources/ 
drains 9 and 1 0, and on the gate electrodes 54 in the 
peripheral circuit region 12 by conducting salicide proc- 
ess. 

[01 1 0] Thereafter, a several-layered interlayer dielec- 
tric covering the entire surface, contact holes, via holes, 
various kinds of wiring layers, and so on are formed, and 
a protective insulation film (none of them are shown) is 
formed on a top layer so that, on the semiconductor sub- 
strate 1 , many semiconductor memory devices provided 
with a peripheral circuit including floating gate type 
memory cells and the CMOS transistors are formed. 



Then, an individual semiconductor memory device is 
manufactured by separating and packaging the above- 
mentioned devices. 

[0111] As explained above, according to the present 
5 embodiment, the ONO film 51 functioning as the dielec- 
tric film is formed in low temperature and of high quality, 
and, the silicon oxide films above and below the silicon 
nitride film are simultaneously formed. This decreases 
the number of processes and makes it possible to real- 
10 ize a floating gate type semiconductor memory device 
of high reliability and low cost. 

-Third embodiment- 
's [0112] In this embodiment, a semiconductor memory 
device having an embedded bit line type SONOS struc- 
ture will be disclosed. A structure of the semiconductor 
memory device is explained with a method for manufac- 
turing thereof as a matter of convenience. 
20 [0113] This semiconductor memory device is so 
structured that SONOS transistors in a memory cell re- 
gion are of a planer type and that CMOS transistors are 
formed in a peripheral circuit region. 
[0114] Fig. 27A to Fig. 35B are schematic cross sec- 
25 tional views showing a method for manufacturing the 
semiconductor memory device including embedded bit 
line type SONOS transistors in this embodiment in the 
order of processes. It should be noted that, for conven- 
ience, the same reference numerals are given to the 
30 components or the like explained in the first embodi- 
ment. Here, each A of the drawings shows a memory 
cell region (a core region), and each B thereof shows a 
peripheral circuit region. The left side of the A thereof 
corresponds to a cross section (an X section) taken 
35 along the parallel line to a gate electrode (a word line), 
and the right side corresponds to a cross section (a Y 
section) taken along the perpendicular line to the gate 
electrode. 

[0115] First, as shown in Fig. 27A and Fig. 27B, wells 

^o 3, 4, and 5 are formed in a peripheral circuit region 12. 
[0116] Specifically, in an n-type region, n-type impu- 
rities such as phosphorus (P), arsenic (As), or the like 
are ion-implanted into only an n-type region of the pe- 
ripheral circuit region 1 2, and the impurities are thermal- 

45 |y diffused by annealing treatment to form the n-well 3 
in the n-type region. On the other hand, in a p-type re- 
gion, the n-type impurities such as phosphorus (P), ar- 
senic (As), or the like are deeply ion-impianted into only 
a p-type region of the peripheral circuit region 12, and 

50 a p-type impurity such as boron (B) is less shallowly ion- 
implanted than the n-type impurities. Then, the impuri- 
ties are thermally diffused by annealing treatment to 
form the deep n-well 4 and the p-well 5 in the n-well 4 
so as to form a triple-well structure in the p-type region. 

55 [0117] Subsequently, element isolation structures are 
formed in a peripheral circuit region 12 to demarcate el- 
ement active regions. 

[01 1 8] Here, by a so-called LOCOS method, field ox- 
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ide films 61 are formed in element isolation regions in 
the peripheral circuit region 12 of a p-type silicon sem- 
iconductor substrate 1 so as to demarcate the element 
active regions. Incidentally, since a planar-type memory 
is disclosed in this embodiment, element isolation struc- 5 
tures are not formed in the core region. 
[0119] Subsequently, a resist mask (not shown) cov- 
ering only the p-type region of the peripheral circuit re- 
gion 12 is formed. Furthermore, using this as a mask, 
ion-implantation of boron (B) for threshold value adjust- 10 
ment is conducted (shown as a reference numeral 41). 
Incidentally, this ion-implantation is not limited to the p- 
type region, and is applicable to the n-type region. 
[0120] Subsequently, bit-line diffusion layers 6 are 
formed in a core region 11 of the semiconductor sub- 15 
strate 1 . 

[0121] Specifically, resist masks (not shown) in a bit- 
line shape are formed by lithography, and using them 
as masks, an n-type impurity, arsenic (As) in this exam- 
ple, is ion-implanted. Here, it is ion-implanted with a 20 
dose amount of 2.0 x 10 14 (/cm 2 ) or more in order to 
lower bit-line resistance. Through these processes, the 
bit-line diffusion layers 6 also serving as sources/drains 
are formed. 

[0122] Subsequently, after the resist masks are re- 25 
moved by ashing treatment or the like, and after silicon 
surfaces of the respective element active regions in the 
core region 11 and the peripheral circuit region 12 are 
exposed by HF treatment, an ONO film as amultilayered 
insulating film is formed. 30 
[0123] Specifically, as shown in Fig. 28Aand Fig.28B, 
lower silicon oxide films 62 are formed on silicon surfac- 
es of the element active regions by the aforementioned 
plasma oxidizing method. 

[0124] Specifically, using the plasma processor pro- 35 
vided with the radial line slot antenna shown in Fig. 14, 
and using a source gas containing Ar and 0 2 but not 
hydrogen, oxidizing processing is conducted by gener- 
ating an oxygen radical (O*) by irradiating the source 
gas with a microwave of 3.5 kW under a temperature 40 
condition of 450°C so as to form the lower silicon oxide 
films 62. When the lower silicon oxide films 62 are 
formed, by using the plasma oxidization instead of a 
thermal oxidization, dense films are formed in low tem- 
perature, thereby controlling impurity diffusion of the bit- 45 
line diffusion layers 6. 

[0125] Subsequently, as shown in Fig. 29A and Fig. 
29B, silicon nitride films 63 are formed on the lower sil- 
icon oxide films 62 by a thermal CVD method. 
[0126] Specifically, the silicon nitride films 63 are de- so 
posited to have a film thickness of approximately 1 5 nm 
by the thermal CVD method under a temperature con- 
dition of 730°C, using SiH 2 CI 2 and NH 3 as raw material 
gases. Here, by conducting thermal CVD instead of 
plasma nitriding, the silicon nitride films functioning as 55 
charge-storage films with many traps suitable for 
SONOS type memory cells can be formed. 
[0127] Subsequently, as shown in Fig. 30A and Fig. 



30B, only the core region 11 is covered with a resist 
mask (not shown), and using it as a mask, the silicon 
nitride film 63 formed in the peripheral circuit region 12 
is removed by dry etching. Subsequently, the lower sil- 
icon oxide film 62 formed in the peripheral circuit region 
1 2 is removed by HF treatment so as to expose the sur- 
face of the semiconductor substrate 1 in the peripheral 
circuit region 12. 

[0128] Subsequently, after the resist mask is removed 
by ashing treatment or the like, an upper silicon oxide 
film 64 in the core region 11, and gate insulation fiims 

24 and 26 in the peripheral circuit region 12 are formed 
by plasma oxidizing method. 

[0129] Specifically, as shown in Fig. 31 A and Fig. 31 B, 
using a source gas containing Ar and 0 2 but not hydro- 
gen, oxidizing processing is conducted by generating an 
oxygen radical (O*) by irradiating the source gas with a 
microwave of 3.5 kW under a temperature condition of 
450°C. A silicon oxide film 70 is formed by oxidizing a 
surface layer of the silicon nitride film 63 in the core re- 
gion 11. Simultaneously, a silicon oxide film 32 having 
a film thickness of approximately 8 nm is formed in the 
peripheral circuit region 12. 

[0130] Subsequently, as shown in Fig. 32A and Fig. 
32B, a part for forming a thin gate insulation film in the 
peripheral circuit region 12, that is, a resist mask (not 
shown) for exposing only the n-type region is formed. 
HF treatment is conducted using it as a mask, thereby 
removing the silicon oxide film 32 in the n-type region. 
[0131] Subsequently, after the resist mask is removed 
by ashing treatment or the like, as shown in Fig. 33A 
and Fig. 33B, oxidizing processing is conducted by the 
aforementioned plasma oxidizing method so as to form 
a silicon oxide film having a film thickness of approxi- 
mately 7 nm on a surface of the exposed semiconductor 
substrate 1 . At this time, in the core region 11, the sur- 
face layer of the silicon nitride film 63 is further oxidized 
and replaced by a silicon oxide film, and as a result, an 
upper silicon oxide film 64 having a film thickness of ap- 
proximately 1 0 nm is formed. Simultaneously, in the pe- 
ripheral circuit region 12, a thin gate insulation film 24 
having a film thickness of approximately 7 nm is formed 
in the n-type region. Furthermore, a gate insulation film 

25 having a film thickness of approximately 13 nm is 
formed as a result of plasma oxidization having a film 
thickness of approximately 7 nm after plasma oxidiza- 
tion having a film thickness of aforementioned 8 nm (the 
silicon oxide film 32) in the p-type region. 

[0132] In the core region 11, an ONO film 71 com- 
posed of the lower silicon oxide film 62 having a film 
thickness of approximately 8 nm formed by plasma ox- 
idization, the silicon nitride film 63 having a film thick- 
ness of approximately 10 nm formed by thermal CVD 
as a charge-storage film whose surface layer is reduced 
by plasma oxidization twice : and the upper silicon oxide 
film 64 formed by plasma oxidization is formed. On the 
otherhand, in the peripheral circuit region 12, athin gate 
insulation film 24 having a film thickness of approximate- 
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ly 8 nm in the n-type region and a gate insulation film 25 
having a film thickness of approximately 1 3 nm in the p- 
type region are respectively formed. 
[0133] Subsequently, as shown in Fig. 34A and Fig. 
34B, on entire surfaces of the core region 11 and the 5 
peripheral circuit region 12, polycrystalline silicon films 
33 are firstly formed and tungsten silicide films 72 are 
secondly formed by a CVD method. 
[0134] Subsequently, as shown in Fig. 35A and Fig. 
35B, the polycrystalline silicon films 33 and the tungsten 10 
silicide film 72 are patterned by lithography followed by 
dry etching to form gate electrodes 73 in the core region 
11, and the n-type region and the p-type region of the 
peripheral circuit region 12, respectively. At this time, 
these gate electrodes 73 in the core region 11 are 15 
formed to cross the bit line diffusion layers 6 substan- 
tially perpendicularly. 

[0135] Subsequently, sources/drains 9 and 10 are 
formed only in the peripheral circuit region 12. 
[0136] Specifically, n-type impurities are ion-implant- 20 
ed into the surface of the semiconductor substrate 1 on 
both sides of the gate electrode 73 in the n-type region 
to form extension regions 26. Meanwhile, in the p-type 
region, p-type impurities are ion-implanted into the sur- 
face of the semiconductor substrate 1 on both sides of 25 
the gate electrode 73 to form extension regions 27. 
[01 37] Next ; after a silicon oxide film is deposited over 
the entire surface by a CVD method, the entire surface 
of the silicon oxide film is antisotropically etched (etch 
back) so as to leave only the silicon oxide films on both 30 
sides of the respective gate electrodes 73, thereby form- 
ing sidewalls 28. 

[0138] Then, in the n-type region, n-type impurities 
are ion-implanted into the surface of the semiconductor 
substrate 1 on both sides of the gate electrode 73 and 35 
the sidewalls 28 to form the deep sources/drains 9 which 
partly overlap the extension regions 26. Meanwhile, in 
the p-type region, p-type impurities are ion-implanted in- 
to the surface of the semiconductor substrate 1 on both 
sides of the gate electrode 73 and the sidewalls 28 to *o 
form the deep sources/drains 10 which partly overlap 
the extension regions 27. 

[01 39] Thereafter, a several-layered interlayer dielec- 
tric covering the entire surface, contact holes, via holes, 
various kinds of wiring layers, and so on are formed, and 45 
a protective insulation film (none of them are shown) is 
formed on a top layer so that, on the semiconductor sub- 
strate 1 , many semiconductor memory devices provided 
with a peripheral circuit including the SONOS type mem- 
ory cells and the CMOS transistors are formed. Then, so 
an individual semiconductor memory device is manu- 
factured by separating and packaging the above-men- 
tioned devices. 

[0140] As explained above, according to the present 
embodiment, the ONO film 71 functioning as a charge- 55 
storage film is formed of high, quality while maintaining 
a high charge-storage function, and furthermore, the 
gate insulation films 24 and 25 in the peripheral circuit 



are successfully formed with the ONO film 71. This 
makes it possible to realize a SONOS type semiconduc- 
tor memory device of high reliability and low cost. 
[0141] It should be noted that the present invention is 
not limited to the aforementioned embodiments. For ex- 
ample, in the embodiments described above, the ONO 
film is explained as the multilayered insulating film; how- 
ever, the embodiments are also suitable for an ON film 
composed of the silicon nitride film on the silicon oxide 
film. In this case, for example, it is thought that after the 
silicon oxide film is formed by the aforementioned plas- 
ma oxidizing method, a silicon film is deposited, and the 
silicon film is completely nitrided to form the silicon ni- 
tride film by the aforementioned plasma nitriding meth- 
od. It is also thought the surface layer of the silicon oxide 
film is completely nitrided to form the silicon nitride film 
by the aforementioned plasma nitriding method after the 
silicon oxide film is formed by a CVD method, or the like. 
[0142] According to the present invention, a multilay- 
ered insulating film such as an ON film, an ONO film, or 
the like is formed of high quality and in low temperature 
without generating hydrogen, capable of realizing a 
semiconductor memory device of high reliability. 
[0143] The present embodiments are to be consid- 
ered in ail respects as illustrative and no restrictive, and 
all changes which come within the meaning and range 
of equivalency of the claims are therefore intended to 
be embraced therein. The invention may be embodied 
in other specif ic forms without departing from the spirit 
or essential characteristics thereof. 



Claims 

1. A method for manufacturing a semiconductor de- 
vice, comprising: 

a step of forming a lower silicon oxide film; 
a step of forming a silicon film on the lower sil- 
icon oxide film; and 

a step of forming a silicon nitride film on the low- 
er silicon oxide film to completely nitride the sil- 
icon film by a plasma nitriding method, wherein 
a multilayered insulating film including at least 
the lower silicon oxide film and the silicon ni- 
tride film is formed. 

2. The method for manufacturing the semiconductor 
device according to claim 1 , further comprising: 

a step of forming an upper silicon oxide film to 
oxidize a surface of the silicon nitride film by a 
plasma oxidizing method, wherein 
the multilayered insulating film composed of the 
lower silicon oxide film, the silicon nitride film, 
and the upper silicon oxide film is formed. 

3. The method for manufacturing the semiconductor 
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device according to claim 1, wherein 

the silicon film is formed under a temperature 
condition of 700°C or below. 

4. The method for manufacturing the semiconductor 
device according to claim 1, wherein 

the silicon nitride film is a charge-storage film 
of a memory ceil. 

5. The method for manufacturing the semiconductor 
device according to claim 2, wherein 

the multilayered insulating film is formed as a 
dielectric film provided between a floating gate and 
a control gate in the memory cell. 

6. The method for manufacturing the semiconductor 
device according to claim 2, wherein 

a gate insulation film is formed in a peripheral 
circuit region by the plasma oxidizing method simul- 
taneously with the upper silicon oxide film. 

7. The method for manufacturing the semiconductor 
device according to claim 1 , wherein 

a film thickness of the silicon film is 5 nm or 
above. 

8. The method for manufacturing the semiconductor 
device according to claim 1 , wherein 

the silicon nitride film is formed by conducting 
nitriding processing in which plasma is excited by 
microwave in an atmosphere of a source gas con- 
taining nitrogen to generate a nitrogen radical. 

9. The method for manufacturing the semiconductor 
device according to claim 8, wherein 

the source gas does not contain hydrogen. 

10. The method for manufacturing the semiconductor 
device according to claim 2, wherein 

the upper silicon oxide film is formed by con- 
ducting oxidizing processing in which plasma is ex- 
cited by microwave in an atmosphere of a source 
gas containing oxygen to generate an oxygen rad- 
ical. 

11. The method for manufacturing the semiconductor 
device according to claim 10, wherein 

the source gas does not contain hydrogen. 

12. A method for manufacturing a semiconductor de- 
vice, comprising: 

a step of forming a silicon nitride film to nitride 
a surface of a silicon region by a plasma nitrid- 
ing method; and 

a step of oxidizing a surface of a silicon nitride 
film and an interface of the surface of the silicon 
region facing with the silicon nitride film simul- 



taneously by a plasma oxidizing method, and 
of simultaneously forming an upper silicon ox- 
ide film on the surface thereof and a lower sili- 
con oxide film on the interface thereof, wherein 
5 a multilayered insulating film composed of the 

lower silicon oxide film, the silicon nitride film 
and the upper silicon oxide film is formed. 

13. The method for manufacturing the semiconductor 
10 device according to claim 12, wherein 

the silicon region ss an island-shaped floating 
gate formed in every memory cell, and the multilay- 
ered insulating film is a dielectric film provided be- 
tween the floating gate and a control gate in the 
is memory cell. 

14. The method for manufacturing the semiconductor 
device according to claim 12, wherein 

the silicon region is a semiconductor sub- 
20 strate and the multilayered insulating film is a 
charge-storage film of the memory cell, and further 
comprising: 

a step of forming a gate electrode on the mul- 
25 tilayered insulating film after the multilayered 

insulating film is formed. 

15. The method for manufacturing the semiconductor 
device according to claim 12, wherein 

a gate insulation film is formed in a peripheral 
circuit region by the plasma oxidizing method simul- 
taneously with the silicon oxide film. 

The method for manufacturing the semiconductor 
device according to claim 12, wherein 

a film thickness of the silicon nitride film 
formed by the plasma nitriding method is 15 nm or 
below. 

17. The method for manufacturing the semiconductor 
device according to claim 12, wherein 

the silicon nitride film is formed by conducting 
nitriding processing in which plasma is excited by 
microwave in an atmosphere of a source gas con- 
taining nitrogen to generate a nitrogen radical. 

18. The method for manufacturing the semiconductor 
device according to claim 1 7, wherein 

the source gas does not contain hydrogen. 

The method for manufacturing the semiconductor 
device according to claim 12, wherein 

the silicon oxide film is formed by conducting 
oxidizing processing in which plasma is excited by 
microwave in an atmosphere of a source gas con- 
taining oxygen to generate an oxygen radical. 

20. The method for manufacturing the semiconductor 
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device according to claim 19, wherein 

the source gas does not contain hydrogen. 

21. A method for manufacturing a semiconductor de- 
vice, comprising: 

a step of forming a lower silicon oxide film; 
a step of forming a silicon nitride film on the low- 
er silicon oxide film by a CVD method; and 
a step of oxidizing a surface of the silicon nitride 
film by a plasma oxidizing method, wherein 
a multilayered insulating film composed of the 
lower silicon oxide film, the silicon nitride film 
and an upper silicon oxide film is formed. 

22. The method for manufacturing the semiconductor 
device according to claim 21 , wherein 

the silicon nitride film is a charge-storage film 
of a memory cell. 

23. The method for manufacturing the semiconductor 
device according to claim 21 , wherein 

the multilayered insulating film is formed as a 
dielectric film provided between a floating gate and 
a control gate in the memory cell. 

24. The method for manufacturing the semiconductor 
device according to claim 21 , wherein 

a gate insulation film is formed in a peripheral 
circuit region by the plasma oxidizing method simul- 
taneously with the upper silicon oxide film. 

25. The method for manufacturing the semiconductor 
device according to claim 21 , wherein 

a film thickness of the silicon nitride film 
formed by the CVD method is 5 nm or above. 



the source gas does not contain hydrogen. 

30. A semiconductor memory device, comprising: 

5 a memory cell; including 

a semiconductor substrate, 
an insulation film including a silicon nitride film 
having a charge-capture function, formed on 
the semiconductor substrate, 

1 <> a gate electrode formed on the semiconductor 

substrate via the insulation film, and 
a pair of impurity diffused layers formed on the 
semiconductor substrate : wherein 
the silicon nitride film is a uniform and dense 

'5 nitrided film formed by only plasma nitriding 

through microwave excitation or a series of 
processing including the plasma nitriding. 

31. The semiconductor memory device according to 
20 claim 30, wherein 

the insulation film is a multilayered insulating 
film composed of a silicon nitride film on a lower sil- 
icon oxide film. 

25 32. The semiconductor memory device according to 
claim 30, wherein 

the insulation film is a multilayered insulating 
film composed of the lower silicon oxide film, the 
silicon nitride film, and an upper silicon oxide film. 

30 

33. The semiconductor memory device according to 
claim 31, wherein 

either or both of the lower silicon oxide film 
and/or the upper silicon oxide film is/are (a) uniform 
35 and dense oxide film(s) formed by plasma oxidiza- 
tion through microwave excitation. 



26. The method for manufacturing the semiconductor 
device according to claim 21 , wherein 

the silicon nitride film is formed by conducting 
nitriding processing in which plasma is excited by 
microwave in an atmosphere of a source gas con- 
taining nitrogen to generate a nitrogen radical. 

27. The method for manufacturing the semiconductor 
device according to claim 26, wherein 

the source gas does not contain hydrogen. 

28. The method for manufacturing the semiconductor 
device according to claim 21 , wherein 

the upper silicon oxide film is formed by con- 
ducting oxidizing processing in which plasma is ex- 
cited by microwave in an atmosphere of a source 
gas containing oxygen to generate an oxygen rad- 
ical. 

29. The method for manufacturing the semiconductor 
device according to claim 28, wherein 



34. The semiconductor memory device according to 
claim 33, wherein 

a gate insulation film of a transistor as a com- 
ponent of a peripheral circuit is a uniform and dense 
oxide film formed by plasma oxidization through mi- 
crowave excitation, and simultaneously formed with 
the upper silicon oxide film. 

35. A semiconductor memory device, comprising: 

a semiconductor substrate; 
a gate insulation film formed on said semicon- 
ductor substrate; 

an island-shaped floating gate having a 
charge-capture function, the charge-capture 
function being formed on said semiconductor 
substrate via said insulation film; 
a dielectric film formed on said floating gate; 
a control gate formed on said floating gate via 
said dielectric film; and 

a pair of impurity diffused layers formed on said 
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semiconductor substrate, wherein 
said dielectric film includes a uniform and 
dense silicon nitride film formed by only plasma 
nitriding through microwave excitation or a se- 
ries of processing including the plasma nitrid- 5 
ing. 

36. The semiconductor memory device according to 
claim 35 : wherein 

said dielectric film is a multilayered insulating 10 
film composed of the silicon nitride film formed on 
a lower silicon oxide film. 

37. The semiconductor memory device according to 
claim 35 ; wherein 15 

said dielectric film is a multilayered insulating 
film composed of the lower silicon oxide film, the 
silicon nitride film, and an upper silicon oxide film. 

38. The semiconductor memory device according to 20 
claim 36 : wherein 

either or both of the lower silicon oxide film 
and/or the upper silicon oxide film is/are (a) uniform 
and dense oxide film(s) formed by plasma oxidiza- 
tion through microwave excitation. 25 
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FIG. 25A 
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FIG. 26A 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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